In this paper we have shown the feasibility of ion beam assisted deposition to produce iron-nickel nitride thin films of various compositions. We have carried out their compositional and structural characterization by means of Rutherford backscattering spectroscopy (RBS), X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS) and integral conversion electron Mössbauer spectroscopy (ICEMS). The results have shown that Ni is incorporated within the films and that the temperature of the substrate has a large influence both in the phase composition obtained as well as in the degree of crystallinity of the thin films produced.
Introduction
The Fe-N phase diagram is quite complex. Depending on temperature and nitrogen concentration many different phases can be formed with different structures and physical properties [1] . For example, nitrogen-poor phases are usually ferromagnetic at room temperature while nitrogen-rich phases are paramagnetic. We have also recently shown that small differences in the composition of these materials have a large influence on their chemical stability in aggressive atmospheres [2] . In particular, nanocrystalline nitrogen-poor phases of iron nitride are good candidates for high frequency applications in which high saturation magnetization, low coercivity and P. Prieto The sample compositions, as determined by RBS, are also given high permeability are needed. The incorporation of interstitial nitrogen in iron can result in substantial increase of the resistivity and anisotropy field, retaining relatively larger magnetic moment of iron atoms. However, iron nitride films also show thermal stability problems that can be solved by the incorporation of a third element (e.g. a transition metal) in the Fe-N system. Ni is a good candidate because it can be incorporated up to relatively high concentrations maintaining a good combination of magnetic properties [3] . In fact, we have found that γ -FeNiN thin films show important properties for high-frequency applications such as resonance ferromagnetic frequency in the gigahertz range, high anisotropy field, and well defined in-plane magnetic uniaxial anisotropy [4] . We have shown recently the feasibility of Ion Beam Assisted Deposition (IBAD) to prepare thin films of iron nitrides covering the full compositional range [5] . In the present paper we will also show the viability of this technique to produce thin films of iron-nickel nitrides. Under the experimental conditions used, many of the different phases produced are of nanocrystalline character and, therefore, conventional phase analysis techniques, such as X-ray diffraction, are not able to determine precisely the phase composition of the thin films. Thus, techniques as integral conversion electron Mössbauer spectroscopy (ICEMS) are very appropriate to elucidate the phase composition of the thin films deposited. We will show here several examples where the use of ICEMS has been of fundamental importance in the characterization of these materials.
Experimental
Iron-nickel nitride thin films were deposited on Si (100) using a Dual Ion Beam Sputtering (DIBS) system. The films were obtained by Ar + sputtering of a pure iron (99.99%) sputtering target with some nickel chips (99.99% purity) on its surface and under simultaneous bombardment with a controlled mixture of low energy argon and nitrogen ions, which assist the deposition. The composition of FeNiN films was adjusted by varying both the amount of Ni chips mounted on the iron target and the deposition parameters. Table 1 summarizes the deposition conditions for all the films characterized in this work. Two different temperatures of the substrate were used during deposition.
